vs. caviro-CANISO: Perea & Carreiras, 2006; Perea & Lupker, 2003 Schoonbaert & Grainger, 2004) . Analogous phonological transpositions fail to produce any priming effects (Perea & Carreiras, 2006) , and TL priming appears to be impervious to context-dependent changes in pronunciation . Therefore, TL priming is believed to arise mainly from an orthographic level of processing driven by a mechanism that maps position-coded letter identities onto whole-word orthographic representations (Grainger, 2008) .
Perhaps the simplest explanation of TL effects is that they reflect the influence of noise operating on an otherwise precise mechanism for encoding letter position information (e.g. Gómez, Ratcliff, & Perea, 2008; Norris, 2006; Norris, Kinoshita, & van Casteren, 2010) .
1 Under this view, TL effects are not the result of the mechanism used to encode letter position information, but rather the result of noise operating on a system that would otherwise not show TL effects. Such positional noise is thought to be generic, that is, it operates on strings of letters just like sequences of other kinds of familiar visual objects (García-Orza, Perea, & Muñoz, 2010) . However, TL effects might also be caused by flexibility in the very mechanism that is used to code for letter position information. One specific letter-position-coding scheme, called open-bigram coding, is characterised by such flexibility and accounts for TL effects without appealing to positional noise (Grainger & van Heuven, 2003; Grainger & Whitney, 2004; Hannagan & Grainger, 2012; Whitney, 2001) . In other words, it is the mechanism used to code for the order of letters in a word (word-centred letter positions) that generates the positional flexibility that can account for TL effects, without having to introduce positional noise.
Here we propose that both positional noise and positional flexibility are sources of TL priming effects. For illustrative purposes, the influence of these two factors is described within one particular framework for orthographic processing, but the key point here is the need to distinguish between these two mechanisms. The theoretical framework is Grainger and Ziegler's (2011) model of orthographic processing that builds on the earlier work of Grainger and van Heuven (2003) . In the model, shown in Figure 1 , processing flows from locationspecific letter representations to location-invariant sublexical orthographic representations that consist of letters and letter combinations, and from there to whole-word orthographic representations. Location-specific letter representations indicate that a given letter identity is present in the stimulus at a particular location relative to eye fixation, but do not inform about the position of letters in the stimulus. This information is carried by location-invariant sublexical representations in two different ways: by coding for ordered combinations of contiguous and non-contiguous letter sequences (open-bigrams) and by coding for precise position-in-string information using space-letter and letter-space combinations (akin to the both edges coding scheme of Fischer-Baum, Charny, & McCloskey, 2011; Fischer-Baum, McCloskey & Rapp, 2010; see Hannagan & Grainger, 2012 , for more details). The first scheme provides positional flexibility (referred to as coarse-grained orthography by Grainger and Ziegler, 2011) , whereas the second provides positional precision in the same way as location-specific letter representations, except that positional information is now stimulus-centred rather than gaze-centred. Grainger and Ziegler (2011) referred to these precise stimulus-centred representations as the fine-grained orthographic code. TL effects naturally fall out of the flexible coding scheme, whereas they are the result of noise in the precise position-coding representations. Therefore, in this model there are three distinct sources of TL effects: (1) positional noise operating on location-specific letter detectors; (2) flexible coarse-grained orthographic representations; and (3) positional noise operating on positionally precise fine-grained orthographic representations.
The present study provides a further exploration of this theoretical framework by testing for adjacent and non-adjacent TL priming effects with event-related potential (ERP) recordings. The adjacent versus non-adjacent TL manipulation is designed to index the relative influence of positional flexibility and positional noise in driving TL priming effects. Adjacent TL primes should systematically generate stronger priming effects than non-adjacent TL primes, since by all accounts of letter-position coding the orthographic overlap is greater in the former. Prior behavioural research has indeed shown that adjacent TL priming is greater than non-adjacent TL priming (Perea, Duñabeitia, & Carreiras, 2008 ; see Lee & Taft, 2009 , for a similar finding with unprimed lexical decision). However, the time-course of the difference in the size of adjacent and non-adjacent ERP priming effects, will inform us as to changes in the relative contribution of positional flexibility, with a greater role for this mechanism causing a reduction in the difference between the two types of priming. That is, when positionally precise orthographic representations dominate processing, as is the case when processing is centred on locationspecific letter representations (see Figure 1 ), then we expect to see much larger adjacent TL priming than non-adjacent TL priming. However, when coarse-grained flexible orthographic representations dominate processing, then we expect to see a reduced advantage for adjacent TL priming over non-adjacent TL priming.
Our experiment is also motivated by prior research investigating ERP priming effects from subset primes (Carreiras, Duñabeitia, & Molinaro, 2009; Grainger & Holcomb, 2009a; Ktori, Grainger, Dufau, & Holcomb, 2012) . These studies found evidence that the early part of the N250 ERP component (200-to 250-ms post-target onset) reflects the mapping of location-specific abstract (shape and case-invariant) letter representations onto location-invariant sublexical orthographic representations. The later part of the N250 (250-to 300-ms post-target onset) would, on the other hand, reflect the mapping of location-invariant sublexical orthographic representations onto whole-word representations. These studies found significant priming for hyphenated subset primes (e.g. prime "c-lle-t" for the target "collect") starting at around 200-ms post-target onset, whereas priming effects for concatenated subset primes (e.g. cllet-collect) only started to emerge at around 250-ms post-target onset. Moreover, the earlier hyphenated priming effect was cancelled by displacing prime stimuli horizontally with respect to target stimuli, whereas the concatenated priming effect was not affected by prime displacement (Ktori et al., 2012) . This clearly points to locationspecific letter representations as the source of the early hyphenated priming effect and to locationinvariant orthographic representations as the source of the later concatenated priming effect. We therefore predict that only adjacent TL effects should be seen in the early N250 time-window, whereas both adjacent and non-adjacent TL effects should be present in the late N250 time-window. Effects of both adjacent and non-adjacent TL primes should also be seen on the N400 component, thought to reflect the mapping from wholeword orthographic representations onto semantics (see Grainger & Holcomb, 2009b , for a summary of ERP-masked priming effects).
Following Ktori et al. (2012) , in the present study we use a variant of masked priming called sandwich priming (Lupker & Davis, 2009) since it has been shown to provide stronger measures of priming. Seven-letter targets were primed by adjacent TL primes (e.g. atricle-ARTICLE) and their double-substitution controls (e.g. aqnicle- Figure 1 . A framework for orthographic processing that distinguishes between positional flexibility operating at the level of wordcentred letter combinations, and positional noise operating on more precise positional information for letters, with position expressed in gaze-centred coordinates and word-centred coordinates (adapted from Grainger & Ziegler, 2011 
Design and stimuli
All stimuli used were seven-letters long and bore no diacritics. A set of 192 words was selected from the French lexical database Lexique (New, Pallier, Brysbaert, & Ferrand, 2004) . Word stimuli were nouns or adjectives in singular form and their printed frequency ranged between 5 and 380 occurrences per million with a mean of 33. An additional set of 192 non-words was selected from the French Lexicon Project (Ferrand et al., 2010) for the purpose of the lexical decision task. In order to ensure the effectiveness of the selected stimuli, mean response accuracy collected from a lexical decision task as part of the French Lexicon Project was taken into consideration and was no less than 99%. Furthermore, the consonant-vowel orthographic structure of the non-word stimuli had the same distribution as with the word stimuli. These target stimuli (i.e. words and non-words) were paired with an equal number of TL and substitution primes. TL primes were formed by transposing two letters of a given stimulus, and substitution primes were formed by substituting two letters not present in the stimulus. Care was taken so that a change, be it transposition or substitution, always involved at least one consonant letter, whereas none of the changes involved letter repetition. Substituted letters were matched to TLs in terms of consonant-vowel status, but not for visual similarity. The distance in letter positions along the stimulus string varied so that the change (i.e. transposition or substitution) involved adjacent letter positions (i.e. Positions 2-3, 3-4, 4-5, and 5-6) or non-adjacent letters two positions apart (i.e. Positions 2-5 and 3-6). A 2 × 2 withinparticipants factorial design was configured with Priming (transposition vs. substitution) and Distance (adjacent letters vs. non-adjacent letters) as main factors for both word and non-word stimuli.
Examples of prime-target word pairs included "article-ARTICLE" and "aqnicle-ARTICLE" for the adjacent transposition and double-substitution conditions respectively, and "actirle-ARTICLE" and "aqtinle-ARTICLE" for the non-adjacent transposition and double-substitution conditions, respectively. Examples of prime-target non-word pairs included "batrule-BARTULE" and "bagdule-BARTULE" for the adjacent transposition and double-substitution conditions, respectively, and "balture-BARTULE" and "bagtude-BARTULE" for the non-adjacent transposition and double-substitution conditions, respectively. All word and non-word target stimuli and their corresponding prime stimuli across all experimental conditions are given in Appendices A and B, respectively. Four lists of experimental trials were created with different pseudorandomisations using the constraints that each target stimulus appeared once in each list and in all the experimental conditions across all lists. This design ensured that each experimental condition was equally represented throughout the experiment (i.e. 48 repetitions per list) and that the grand average ERP comparisons between conditions always involved the same and the entire set of target stimuli. Following a practice session of 16 trials, each participant was assigned to a stimulus list in a counterbalanced order. Experimental trials were presented in a random order, and following the presentation of 48 trials, participants were given the opportunity to rest.
Procedure
A masked-sandwich priming lexical decision task was used. Participants were run individually in a sound-attenuated and dimly illuminated room after completing informed consent and handedness forms. Each participant sat comfortably 155 cm in front of an 18″ monitor. Visual stimuli were displayed at high contrast as white letters on a black background in an 18-point Courier New font subtending 1.11 degrees of horizontal visual angle. The trial sequence followed in the experiment is illustrated in Figure 2 . Each trial began with the presentation of a mask in the middle of the screen for 500 ms. The mask was formed by nine hash marks, sufficiently long to cover over and beyond primes. Two vertical lines were also positioned centrally above and below the mask indicating the point of fixation. The mask was replaced at the same location with a first prime comprising the target stimulus itself in upper case for 33 ms. The first prime was immediately followed by the experimental prime in lower case for 50 ms. The target stimulus then appeared in upper case (i.e. identical to the first prime) for 500 ms. Participants were required to indicate as quickly and as accurately as possible whether the target stimulus spelled a French word or not by pressing a response key in their right or left hand, respectively. The trial ended with the presentation of a blank screen for 2000 ms. On every other trial, a stimulus (in the form of the letter "C") appeared in the middle of the screen for 2500 ms allowing participants to blink their eyes. The next trial followed a 500-ms blank-screen interval.
ERP recording
The electroencephalogram (EEG) activity was recorded continuously through the ActiveTwoBiosemi system from 64 electrodes mounted on an elastic cap (Electro-Cap Inc.) and positioned according to the 10-10 international system (American Clinical Neurophysiology Society, 2006) . Two additional electrodes were (CMS/DRL nearby PZ) used as online reference (for complete description, see Schutter, Leitner, Kenemans, & van Honk, 2006; www.biosemi.com) . The montage included 10 midline sites and 27 sites over each hemisphere. In addition to scalp electrodes, two electrodes were used to monitor eye movements and blinks (one attached at the right canthus and one below the left eye), and two electrodes were used for an offline rereferencing (attached to behind the ears on mastoid bone). EEG activity was amplified using an ActiveTwoBiosemi amplifier (DC 67 Hz band pass, 3 dB/ octave) and was continuously sampled (24-bit sampling) at a rate of 256 Hz throughout the experiment. EEG was filtered offline (20 Hz low-pass, 24 dB/ octave) using EEGLAB software (Delorme & Makeig, 2004) . All 64 electrode sites were referenced offline to the average of the right and left mastoids.
ERP data and analysis ERP data were calculated by averaging the EEG time-locked to a point 100-ms pre-target onset and lasting until 600-ms post-target onset. The mean voltage of each epoch at each electrode was used as the baseline. 2 Epochs with eye movements, Figure 2 . Schematic illustration of the experimental trial sequence in the masked-sandwich priming lexical decision task. Examples of stimuli illustrate prime-target pairs for word targets across the different experimental conditions.
2 The mean voltage value of the epoch starting 100-ms pre-target onset until 600-ms post-target onset was used as a baseline correction because the more conventional use of a pre-target interval resulted in differences between conditions upon target onset. This is probably due to the EEG activity induced by the successive presentation of the target and prime preceding target onset in the sandwich priming technique. It is important to note that the overall pattern of results was not altered by the application of the mean epoch as a baseline correction compared to when pre-target intervals were used.
ADJACENT AND NON-ADJACENT TL PRIMING 5 blinks, or electrical activities greater than ±75 µV were rejected. To maintain an acceptable signalto-noise ratio, a lower limit of 32 artefact-free trials per participant per experimental condition was set. Overall, 3.7% of the trials were rejected. Separate ERPs were formed for the four experimental word conditions defined by the factorial combination of Priming (target words preceded by transposition or substitution primes) and Distance (target words preceded by primes changed in adjacent or non-adjacent positions). The main analysis approach involved measuring mean amplitudes in three consecutive post-target onset latency windows and included 200-250 ms (early N250), 250-300 ms (late N250) and 300-500 ms (N400). Repeated-measures analyses of variances (ANOVAs) were run in each of these timewindows, with mean amplitude as the dependent variable. Three anterior (F3, Fz and F4), three middle (C3, Cz and C4) and three posterior (P3, Pz and P4) electrode sites were chosen for analysis providing as such ANOVA factors of laterality (left vs. centre vs. right) and anteroposterior (anterior vs. middle vs. posterior). This analysis approach has been successfully used in several previous studies (e.g. Grainger & Holcomb, 2009a; Grainger, Kiyonaga, & Holcomb, 2006) and when paired with voltage maps computed across all sites is believed to offer the best combination of thorough yet easily comprehensible analyses (Grainger & Holcomb, 2009a) .
RESULTS

Behavioural data
All correct lexical decisions less than 2000-ms post-target onset (98.6% of the data) and response accuracy were included in the behavioural analyses; 2 (Priming) × 2 (Distance) within-groups ANOVAs were conducted separately on the mean RTs and accuracy for word and non-word stimuli. Mean RTs and percentage of correct responses to words and non-words for each of the two types of prime changes across adjacent and non-adjacent positions of change are presented in Table 1 .
For words, analyses on mean RT revealed that the main effect of Priming (F 1 (1, 19) = 31.85, p < .001; F 2 (1, 191) = 33.93, p < .001) was significant whereas the main effect of Distance (F 1 (1, 19) = .49, p = .49; F 2 (1, 191) = .49, p = .48) was not. Overall, participants responded faster to target words following TL compared to substitution primes. Moreover, there was a significant twoway interaction between Priming and Distance (F 1 (1, 19) = 6.04, p < .05; F 2 (1, 191) = 6.39, p < .05) reflecting the greater priming effects for adjacent compared with non-adjacent transpositions. Follow-up analyses revealed significant priming effects (i.e. the difference between TL and substitution primes) for both adjacent TL primes (F 1 (1, 19) = 58.68, p < .001; F 2 (1, 191) = 37.03, p < .001) and non-adjacent TL primes (F 1 (1, 19) = 5.84, p < .05; F 2 (1, 191) = 5.58, p < .05). Statistical analyses on mean accuracy for word stimuli revealed a significant main effect of Priming (F 1 (1, 19) = 25.82, p < .001; F 2 (1, 191) = 20.11, p < .001). Overall, participants responded more accurately to target words following TL compared to substitution primes.
For non-words, analyses on mean RT revealed that the main effect of Priming (F 1 (1, 19) = 5.21, p < .05; F 2 (1, 191) = 4.06, p < .05) was significant, whereas the main effect of Distance (F 1 (1, 19) < .01, p = .98; F 2 (1, 191) = .44, p = .51) was not. Overall, participants responded faster to non-words following TL compared to substitution primes. Moreover, there was a significant two-way interaction between Priming and Distance (F 1 (1, 19) = 11.39, p < .01; F 2 (1, 191) = 7.02, p < .01). Analysis of 
Electrophysiological data
Word stimuli
The exclusion of erroneous behavioural trials preceded the treatment and analysis of electrophysiological data. ERP waveforms for each of the experimental conditions time-locked to target word stimuli at the nine electrode sites used in the statistical analyses are plotted in Figure 3 . Voltage maps formed from all 64 scalp sites contrasting the different type of priming effects within the three post-target onset latency windows (200-250 ms, 250-300 ms and 300-500 ms) are plotted in Figure 4 . For each of these measurement windows, ANOVAs on mean amplitude were conducted following a 2 (Priming) × 2 (Distance) × 3 (Anteroposterior) × 3 (Laterality) repeated-measures design. ANOVAs were performed using the Greenhouse-Geisser epsilon correction for non-sphericity (Jennings & Wood, 1976) to all repeated measures with more than one degree of freedom in the numerator (corrected p values are reported). We only report results concerning the main effect of Priming and the interaction of this factor with Distance, as well ADJACENT AND NON-ADJACENT TL PRIMING 7 as higher order interactions with these two variables and the two distributional variables (Anteroposterior and Laterality).
200-to 250-ms target epoch. In this epoch, there was no main effect of Priming (F(1, 19) = 1.68, p = .21). However, there was a marginally significant twoway interaction between Priming and Distance (F (1, 19) = 3.83, p = .07), which was further qualified by a significant higher order interaction between Priming, Distance and Laterality (F(2, 38) = 6.90, p < .01). Follow-up analyses of this triple interaction revealed that the Priming × Distance interaction was only significant over right hemisphere sites: (F(1, 19) = 6.02, p < .05). Adjacent TL primes produced a priming effect that was significant on electrode sites over the right hemisphere (F(1, 19) = 4.60, p < .05), whereas non-adjacent TL primes failed to produce any priming (F(1, 19) = .21, p = .65). This interaction is illustrated in Figure 4 .
250-to 300-ms target epoch. In this time-window, the analysis of ERPs to word targets revealed a main effect of Priming (F(1, 19) = 14.26, p < .01) with substitution primes producing a more negative-going waveform than TL primes across both adjacent and non-adjacent positions of change (see Figure 3 ). The effect of priming was significant for both adjacent (F(1, 19) = 7.28, p < .05) and nonadjacent (F(1, 19) = 11.90, p < .01) TL primes. Furthermore, there was a significant interaction between Priming, Anteroposterior and Laterality (F(4, 76) = 3.20, p < .05). This interaction was due to the priming effect being more prominent on anterior-right electrode sites (F(1, 19) = 22.57, p < .001; see Figure 4 ). The interaction between Priming and Distance was not significant (F(1, 19) = 1.24, p = .28).
300-to 500-ms target epoch. The analyses in this final time-window revealed a main effect of Priming (F(1, 19) = 6.71, p < .05). Furthermore, there was a significant two-way interaction between Priming and Distance (F(1, 19) = 11.74, p < .01), which was qualified further by the significant higher order interaction between Priming, Distance and Laterality (F(2, 38) = 7.54, p < .01). Follow-up analyses revealed nevertheless that the critical Priming × Distance interaction was significant for scalp sites on the left: F(1, 19) = 5.06, p < .05; in the centre: F(1, 19) = 14.10, p < .01 and on right: F(1, 19) = 17.22, p < .01). Overall, priming effects were only significant for adjacent transpositions (F(1, 19) = 12.85, p < .01), with no significant priming seen for non-adjacent transpositions (F(1, 19) = .06, p = .81).
Estimated onset of priming effects. We compared the ERPs generated at the Fz electrode site so as to estimate the difference between the onset of adjacent and non-adjacent TL priming. Separate ANOVAs were performed by using Priming (transposition vs. substitution) as a repeated-measures, independent variable for adjacent and nonadjacent positions of change. These analyses were conducted on the mean amplitude on all successive data points measured from 50-ms pre-target onset to 500-ms post-target onset with an approximate distance of 4 ms between them. The onset of divergence between the ERPs generated by transposition and substitution (i.e. priming) was determined when at least 15 consecutive F values were significant (p < .05; Rugg, Doyle, & Wells, 1995; Thorpe, Fize, & Marlot, 1996) . For adjacent TL priming, this was the case at 219-ms post-target onset (F(1, 19) = 4.59, p < .05) at electrode Fz. However, at the same electrode site, the onset of non-adjacent TL priming emerged at 258-ms posttarget onset (F(1, 19) = 6.88, p < .05).
Non-word stimuli
As with the word stimuli, the ERP data for nonword stimuli were analysed within the same three post-target onset latency windows (200-250 ms, 250-300 ms and 300-500 ms) and following the same ANOVA repeated-measures design. As with the words, the exclusion of erroneous behavioural trials preceded the treatment and analysis of electrophysiological data for non-words. In all three measurement windows, the main effect of Priming was not significant (p > .52), and there was no significant interaction between Priming and Distance (p > .36). Furthermore, there were no significant higher order interactions between Priming, Distance and Anteroposterior (p > .18) or between Priming, Distance and Laterality (p > .54; see Figure 4 ).
DISCUSSION
We compared effects of adjacent and non-adjacent TL primes relative to the corresponding doublesubstitution primes in a sandwich priming study with ERP recordings. The non-adjacent TLs were separated by two letters. For word targets, nonadjacent priming effects were significant in the RT data, but these effects were significantly smaller than non-adjacent priming effects, thus replicating the prior work of . In the ERP data, adjacent TL priming emerged earlier than non-adjacent priming, at around 200-ms posttarget onset, and adjacent TL primes continued to show robust priming up to 500-ms post-target onset. The onset of the adjacent TL priming effect corresponds approximately to what was observed by Grainger et al. (2006) using standard masked priming. Non-adjacent priming effects, on the other hand, emerged at around 250-ms post-target onset and were very short-lived, being significant only in the 250-to 300-ms time-window. These different time-courses are evident in the voltage maps shown in Figure 4 . Non-adjacent TL primes show a very different time-course from adjacent TL primes, revealing both a quantitatively and qualitatively different pattern of priming effects. Non-word targets only showed an effect of adjacent TL primes in the behavioural data. In what follows, we first discuss how these results can be accounted for by the model presented in the Introduction (Figure 1 ). We then discuss how alternative models might be able to capture these findings, and follow with a discussion of the importance, or not, of distinguishing positional flexibility from positional noise. According to the theoretical framework presented in the Introduction and illustrated in Figure 1 , the early adjacent TL priming effect is the result of positional noise operating on location-specific letter representations. Gaussian noise would generate positional uncertainty of limited spatial extent such that only adjacent transpositions can influence processing at this level. This captures the pattern of TL priming effects seen in the 200-to 250-ms timewindow, where only adjacent TL primes had an effect. This pattern is in line with the results obtained with concatenated and hyphenated subset primes, showing that only hyphenated primes influenced target word processing in the 200-to 250-ms timewindow (Grainger & Holcomb, 2009a; Ktori et al., 2012) . Furthermore, prior to 200 ms, the evidence from ERP-masked priming experiments suggest that the bulk of effects are being driven by primetarget visual overlap. Thus, for example, Chauncey, Holcomb, and Grainger (2008) found that a change in font across primes and targets affected repetition priming effects on the N/P150 component, a component that peaks at around 150-ms post-target onset, but did not affect priming on the N250 component (see Petit, Midgley, Holcomb, & Grainger, 2006 , for a similar estimate of the timing of visual effects with single-letter stimuli). Thus, whereas the earlier N/P150 component likely reflects the retinotopic mapping of visual features onto letter identities, the early phase of the N250 component likely reflects processing at the level of location-specific letter representations. In Figure 12 of their review article, Grainger and Holcomb (2009b) described a tentative association of ERP components modulated by masked priming with component processes in visual word recognition. The present analysis fits well in this framework, with the peak of the N/P150 component corresponding to the mapping of visual features onto location-specific letter representations, the rise of the N250 component (early N250) corresponding to the mapping of location-specific ADJACENT AND NON-ADJACENT TL PRIMING 9 letters onto location-invariant sublexical representations, and the fall of the N250 (late N250) corresponding to the mapping of location-invariant sublexical orthographic representations onto wholeword representations (see Grainger & Holcomb, 2009b, p. 144) . Subsequent to processing at the location-specific letter level, TL priming is hypothesised to be generated by location-invariant word-centred orthographic representations that are sensitive to both adjacent and non-adjacent transpositions. This accounts for the emergence of non-adjacent TL priming in this time-window, and the continued influence of adjacent TL primes. Contrary to our predictions, however, there was no evidence for non-adjacent TL priming in the N400 timewindow, whereas adjacent TL primes continued to produce strong effects here. Indeed the most striking aspect of the present results is the rather short-lived nature of non-adjacent TL priming, being evident only in the 250-to 300-ms timewindow. One possible explanation for the shortlived nature of this effect is that non-adjacent TL primes contain many letter combinations that mismatch with the target (e.g. ACTIRLE-ART-ICLE: CT, CI, CR, TR, IR). If these bottom-up mismatches were to provide inhibitory input to whole-word representations, and assuming that inhibitory bottom-up influences are slower acting than excitatory effects, then this could lead to a decrease in non-adjacent TL priming effects once they have emerged.
The explanation of the observed pattern of ERP priming effects offered earlier appeals to two distinct mechanisms thought to be responsible for TL effects: positional noise and positional flexibility. Considerations of parsimony force us to question whether a single mechanism could account for the present findings. Indeed, apart from open-bigram coding, all other current explanations of TL effects appeal to positional noise operating on a letter position-coding mechanism that would otherwise not generate TL effects (Davis, 2010; Fischer-Baum et al., 2011; Gomez et al., 2008; Norris et al., 2010) . Since all these models predict that adjacent TL priming should be greater than non-adjacent TL priming, then it can be argued that the greater overall magnitude of adjacent TL priming will translate into an earlier onset in ERP priming effects. Alternatively, if these models were to adopt the distinction between location-specific gaze-centred letter representations, and location-invariant, word-centred representations, then the absence of non-adjacent priming in the early time-window could be accommodated by a reduction in the amount of positional noise affecting location-specific letters. Finally, in order to account for the short-lived nature of non-adjacent ERP priming effects, these models could appeal to the same bottom-up mismatch mechanism as discussed earlier, since non-adjacent TLs provide greater evidence for the presence of letters in the incorrect positions. Therefore, in principle, single-mechanism models can account for the present findings.
One might therefore question the need to add a second mechanism, positional flexibility, in order to account for TL effects. We would point out, however, that single-mechanism accounts have other hurdles to cross, such as evidence that the size of TL effects is greater for letters compared with digit and symbol stimuli (Duñabeitia et al., 2012; Massol et al., 2013) . Most important is that the Duñabeitia et al. (2012) study also demonstrated qualitative differences in TL effects as revealed in ERP recordings. In that study, an early effect of character transposition was mostly evident for letter stimuli, with stimulus-independent effects only emerging at around 350-ms poststimulus onset. Furthermore, a recent study has shown that TL priming effects actually increase in size during primary education (Grades 1-5), at least when the RT data are transformed in order to accommodate differences in overall RTs across age groups (Ziegler, Bertrand, Lété, & Grainger, 2014) . Although one might expect positional noise to decrease and not increase with age, Hannagan and Grainger (2014) have shown that a simple Perceptron network, trained to associate openbigram input representations with whole-word output representations, also exhibits an increase in the size of TL effects with training.
Finally, within the dual-route framework for orthographic processing, the finding that adjacent but not non-adjacent TL primes facilitated lexical decision responses to non-word targets, suggests that the quality of information in precise positioncoded letters influences the speed with which a non-word decision can be made. It is this orthographic information that could be used in a spelling-check mechanism interacting with wholeword orthographic representations. However, the fact that there was no clear evidence for such priming effects in the ERP data suggests that the behavioural results should be interpreted with caution. Furthermore, the absence of non-adjacent TL priming in the N400 time-window in the presence of a significant behavioural effect 10 KTORI ET AL.
suggests that participants in our experiment were basing their lexical decisions on activity in wholeword orthographic representations (e.g. Grainger & Jacobs, 1996) and not at the level of semantic representations (e.g. Plaut, McClelland, Seidenberg, & Patterson, 1996) . In conclusion, we have shown that adjacent and non-adjacent TL priming differ not only in terms of the size of behavioural effects, with adjacent priming being significantly greater than non-adjacent effects, but also in terms of the time-course of priming effects as revealed in our ERP recordings. Adjacent TL priming emerged earlier than nonadjacent TL priming, and the adjacent priming effects lasted longer, extending into the N400 time-window. Further research is required in order to determine the cause of the short-lived nonadjacent priming effect, research that should help determine whether positional flexibility, over and above positional noise, is necessary in order to account for the full range of TL effects. 
